Objectives: We aimed to study if interleukin (IL) 8 and hepatocyte growth factor (HGF) predict development of severe acute pancreatitis (SAP) among patients without organ dysfunction (OD) at presentation, and if they discriminate transient OD from persistent OD among patients presenting with OD. Methods: From prospectively collected cohort of 176 AP patients and 32 healthy controls, plasma levels of IL-8 and HGF were determined within 5 days after symptom onset using an enzyme-linked immunosorbent assay. Results: AP was severe in 23 patients, of whom 10 did not have clinical signs of OD at presentation. IL-8 and HGF levels increased along with the severity of AP (P < 0.001). 
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PUBLIC INTEREST STATEMENT
Severe acute pancreatitis (SAP) is potentially a life-threatening disease, but early identification of such patients may improve the prognosis. However, about half of such patients have only mild symptoms on admission to hospital, which may cause a delay in starting the optimal care. At the moment, we are lacking a reliable laboratory marker that could help in these situations. The levels of inflammatory mediators, such as cytokines, rise early in the blood after onset of acute pancreatitis and may function as such early predictors. In the present study, we evaluated interleukin 8 (IL-8) and hepatocyte growth factor (HGF) as early predictors of SAP. Our main finding was, that IL-8, or HGF, predict development of SAP before clinical signs of organ dysfunction have developed. Thus, determining IL-8 or HGF levels in the blood on admission to hospital may help in identifying the patients who need special attention.
Introduction
Most patients with acute pancreatitis (AP) have a mild disease, as defined by the revised Atlanta classification, and recover uneventfully with conservative management (Banks et al., 2013) . Morbidity and mortality are largely associated with severe forms of AP including moderately severe AP and severe AP (SAP). Moderately severe AP is characterized by local or systemic complication, with or without the presence of transient organ dysfunction (OD) resolving within 48 h follow-up. Mortality is rare (Vege et al., 2009) . In SAP, OD is persistent (>48 h) with a mortality as high as 36-50% (Buter, Imrie, Carter, Evans, & McKay, 2002; Johnson & Abu-Hilal, 2004 ). In the case of multiple organ dysfunction (MOD) the mortality may be even higher (Halonen et al., 2002; Mc Kay & Buter, 2003) .
The pathogenesis of AP remains elusive. The theory of premature trypsinogen activation leading to acinar cell damage and further promotion of inflammation has been challenged by recent experimental data suggesting novel pathways, such as the activation of NF-κB being responsible for the inflammatory response in AP (Rakonczay, Hegyi, Takacs, McCarroll, & Saluja, 2008; Sah, Dawra, & Saluja, 2013) . Consequently, local inflammatory cells become activated and a variety of inflammatory mediators are generated. The local response may lead to a systemic one, presented as systemic inflammatory response syndrome (SIRS), which is usually self-limiting, but in a small group of patients it may deteriorate to an excessive and uncontrolled systemic inflammatory reaction, as occurs in SAP (Kylanpaa, Rakonczay, & O'Reilly, 2012) .
Close monitoring and early moderately aggressive fluid resuscitation may improve the prognosis of SAP (Haydock et al., 2013) . Although numerous biomarker candidates, as well as clinical and radiological scoring systems have emerged (Bollen et al., 2012; Lee et al., 2016; Staubli, Oertli, & Nebiker, 2015) , in terms of clinical utility, an ideal marker to predict SAP during the first 48 h after admission is yet to be found. Previously, IL-8 and HGF have been shown to predict SAP, but these studies include also the patients having OD already on admission (Aoun et al., 2009; Espinosa et al., 2011; Sporek et al., 2013; Ueda et al., 1996 Ueda et al., , 1997 Zhang, Niu, & Yang, 2014) . Using novel Multiplex detection technology, we recently found that out of the 48 cytokines tested, IL-8, HGF, and granulocyte colony-stimulating factor (G-CSF) predicted the development of SAP in a subgroup of AP patients who presented without OD . Here, we focused on IL-8 and HGF, and studied, in an independent cohort of AP patients, if they (i) predict SAP, and (ii) provide a means to discriminate transient OD from persistent OD in AP patients presenting with OD.
Materials and methods

Patients and definitions
The study cohort consists of 176 non-consecutive AP patients admitted to Helsinki University Hospital between March 2011 and August 2014, within 96 h after onset of symptoms. The patients with a history of chronic pancreatitis were excluded. The physicians at the emergency department enrolled the 165/176 patients into the study on admission to hospital. Out of 176 patients, 11 SAP patients, who had participated in another study (Nisula et al., 2013) , were enrolled upon admission to ICU. Thirty-two adult healthy subjects (20 men and 12 women, median age 46 years, range 21-71) recruited within the study period served as controls.
The study was approved by the Ethical Committee of the Department of Surgery at Helsinki University Hospital, and each patient, or their next of kin, gave their written informed consent to the study. A verbal informed consent was obtained from the voluntary healthcare professionals serving as controls. From the cohort, the circulating levels of matrix metalloproteinase 8 have been studied in relation to the severity of AP (Nukarinen et al., 2016) . AP was diagnosed if two of the following three features were present: (1) acute onset of epigastrial pain, (2) plasma amylase level more than three times over the upper limit of the normal range and/ or (3) characteristic features in computed tomography. AP treatment followed the international guidelines including early moderately aggressive fluid resuscitation, no routine use of prophylactic antibiotics, nasojejunal tube for enteral feeding in SAP, and endoscopic retrograde cholangiopancreatography if biliary obstruction and concurrent cholangitis were present ( Demographic and clinical characteristics of patients were collected from medical charts. The severity of AP was retrospectively analyzed according to the revised Atlanta classification (Banks et al., 2013) . The presence of OD was assessed at study entry according to the Modified Marshall Score (MMS), where three organ systems (respiratory, cardiovascular and renal) are evaluated and OD is present if a patient receives ≥2 points from at least one of the organ systems (Banks et al., 2013; Marshall et al., 1995) . The flow chart of the patients is shown in Figure 1 .
Samples
Non-fasting plasma samples were taken after enrollment to commercial EDTA tubes and the samples were stored at 80°C until analyzed. Sampling occurred within 24 h after hospital admission in 91% of patients, and among the rest within the first three days. Among all patients the sampling occurred within five days after onset of symptoms. The delay in sampling, calculated from the onset of symptoms or from hospital admission, did not differ significantly between mild, moderately severe or severe AP (Table 1 ). In addition, the delay in sampling did not correlate with the IL-8 or HGF levels ( Table 1) .
The IL-8 and HGF levels were measured by enzyme-linked immunosorbent assay (ELISA) using reagents from BD Biosciences, Erembodegem, Belgium (IL-8) and R&D Systems Europe Ltd, Abingdon, UK (HGF). The detection limits and inter-assay coefficients of variation were 0.8 pg/mL and 5.0% for IL-8 and 7.8 pg/mL and 5.6% for HGF, respectively. In 17 of the 176 patients, the HGF levels were below the detection limit and therefore these values have been extrapolated as 0.002 ng/mL (one fifth of the lowest HGF value determined). IL-8 from all patients fell within the standard range of the IL-8 ELISA. Evaluating only IL-8 and HGF levels, and not G-CSF, was based on the results of our previous cytokine study (see Table 6 in Nieminen et al., 2014) , showing that out of those three cytokines either IL-8 or HGF found all the identified SAP patients presenting without OD (MMS < 2). C-reactive protein (CRP) and creatinine were chosen for comparison, because they belong to routine follow-up of AP patients and have shown to have prognostic value in AP (Muddana, Whitcomb, Khalid, Slivka, & Papachristou, 2009; Puolakkainen, Valtonen, Paananen, & Schroder, 1987) . Their plasma values were determined according to the hospital's routine laboratory practice, where normal reference range for CRP is less than 10 mg/L and for creatinine 50-90 μmol/L.
Statistics
We used IBM SPSS ® Statistic version 19 (SPSS, Chicago, Illinois, USA) statistical software for statistical analysis. The nonparametric tests were used because of the skewness of the data, and the results are given as medians and interquartile ranges (IQR) or number of patients and percentages. Comparisons between two groups were made using the Mann-Whitney U test, and those between three groups with the Jonckheere-Terpstra test for trend. Correlations between two continuous variables were done using the Spearman rank correlation. In the analyses, p values < 0.05 were considered significant and double-sided tests were used.
Receiver operator characteristic (ROC) curve analysis with respective areas under the ROC curves (AUCs) were obtained to compare the overall performance of each biomarker and the combined logistic regression model of IL-8 and HGF. The clinically optimal cutoff values, used for post hoc analysis, were chosen from the curves using a similar method as in our previous study . In short, we determined the specificity of ≥90%, and chose the point on the ROC curve, where the longest increase in the sensitivity of the slope declines. This method was used to mimic an everyday hospital life, where the limited ICU resources should be aimed to only those who will reliably develop SAP. We figured, that an acceptable rate of a false positive test result would be ≤10%. For 
Characteristics
Mild, n = 121 Moderately severe, n = 32
Severe, n = 23 p-value, JT each cutoff value we determined sensitivity, specificity, positive and negative likelihood ratios (LR), and diagnostic odds ratio (DOR), with 95% confidence intervals (CI) (Newcombe, 1998) . Finally, using a univariate logistic regression analysis we analyzed if the odds ratio to predict SAP was significant among the biomarkers.
Results
Patients
The characteristics of patients are shown in Table 1 . All the patients with SAP were treated in the ICU and developed either respiratory or renal failure needing invasive mechanical ventilation and/or haemodialysis. The most common etiology for AP was alcohol (63%). Two patients, both with SAP, died.
IL-8 and HGF predict SAP among patients without OD (MMS < 2) at study entry
The levels of IL-8, HGF, CRP, and creatinine are given in Supplemental online material, Table S1 . The circulating levels of IL-8 and HGF of patients were significantly higher than those of controls, and they correlated with the severity of AP (p < 0.001 for both) and also with each other (Spearman's r = 0.514, p < 0.001). The highest IL-8 levels were found in two non-survivors. The IL-8 and HGF levels predicted SAP among all AP patients (Supplemental online material, Figure S1 and Table S2 ). Of the SAP patients 10 did not have OD at study entry (MMS < 2) and were analyzed further.
The HGF and IL-8 values were significantly higher among the 10 patients who developed SAP than among patients who did not ( Table 2 ). The AUCs of IL-8, HGF and the combined logistic regression model of IL-8 and HGF were 0.73, 0.79 and 0.82, respectively (Figure 2(A) , Table 3 ). At the clinically optimal cutoff level, sensitivity, specificity, LRs, and DOR of IL-8 and HGF were much alike in predicting SAP (Table 3 ). The ROC curves in Figure 2 (A) show that combining IL-8 and HGF did not improve the model. At the clinically optimal cutoff level, the univariate regression analysis revealed IL-8, HGF, and CRP, but not creatinine, as significant predictors of SAP (Table 4) .
IL-8 predicts development of persistent OD among patients with OD (MMS ≥ 2) at study entry
Of all patients 22 had OD at study entry (Figure 1 ). In 9 of them OD resolved within 48 h (moderately severe AP), but in 13 of them OD was persistent and, thus, AP was classified as severe. The levels of Table 2 . Biomarker levels in relation to the severity of acute pancreatitis among patients without and with organ dysfunction at study entry both IL-8 and HGF were significantly higher in patients in whom OD did not resolve within 48 h than in those in whom it resolved, but there was no significant difference in the CRP or creatinine values ( Table 2 ).
The AUCs of IL-8, HGF and the combined regression model of IL-8 and HGF were 0.86, 0.78 and 0.84, respectively (Figure 2(B) , Table 3 ). In the ROC curve analysis CRP and creatinine did not predict SAP with the AUCs of 0.43 (95% CI, 0.18-0.68) and 0.36 (95% CI, 0.13-0.60), respectively, and thus we excluded them from the further analysis. As Figure 2(B) shows, combining IL-8 and HGF did not improve the model compared to IL-8 alone. In the univariate regression analysis, IL-8 was a significant predictor of SAP (Table 4 ). 
Discussion
In this study we show, using cytokine-specific ELISA, that IL-8 and HGF predict the development of SAP among an independent cohort of AP patients without OD (MMS < 2) at study entry. The results confirm the results of our screening study using Multiplex detection technology . A great number of previous studies show IL-8 as a predictor of SAP (Aoun et al., 2009; Zhang et al., 2014) , whereas HGF studies are only few consisting a limited number of patients (Espinosa et al., 2011; Sporek et al., 2013; Ueda et al., 1996 Ueda et al., , 1997 . A pitfall in the previous studies is, that they usually contain all patients, i.e. also the patients with OD at study entry, which may distort the results, when a true predictive marker is wanted. Reliable early predictive markers are needed, since assessment of clinical severity in AP patients on admission to hospital is difficult. Indeed, about half of the SAP patients present without clinical signs of OD (Buter et al., 2002; Maksimow et al., 2014; Nieminen et al., 2014; Penttila et al., 2016) . Among such patients close monitoring and early treatment with moderately aggressive intravenous hydration is often delayed, which may worsen the outcome. Additionally, in the future, this patient group may in a therapeutic window for immunomodulatory therapies (Buter et al., 2002; Norman, 1998) . So far, along with IL-8 and HGF, granulocyte colony-stimulating factor , adenosine-generating ecto-5′-nucleotidase/ CD73 , and circulating nucleosomes (Penttila et al., 2016) have shown predictive value in the subgroup of patients without OD (MMS < 2) at presentation.
Another finding in the current study was that IL-8 may predict development of SAP (persistent OD) among patients with OD (MMS ≥ 2) at study entry. In our previous study , the IL-8 levels were higher in persistent OD group than in transient OD group, but the difference was not statistically significant. In the current study, both IL-8 and HGF levels were significantly higher among patients in whom the OD was persistent compared to those with transient OD, but a logistic regression analysis showed only IL-8 ≥ 130.9 pg/mL as a significant predictor of SAP. Additionally, the highest IL-8 levels were found in two SAP patients with OD (MMS ≥ 2) at study entry, who died later during hospitalization. In clinical practice, however, distinguishing between transient and persistent OD may not be crucial at present, because all the patients presenting with OD need immediate intensive monitoring and optimal treatment preferably in the ICU (Tenner, Baillie, DeWitt, Vege, & American College of Gastroenterology, 2013; Working Group IAP/APA Acute Pancreatitis Guidelines, 2013), and it is not possible to assess whether the quickly (within 48 h) resolving OD is due to ICU treatment or the natural course of AP.
Although our aim was to perform a reliable statistical analysis according to the recommendations for predictive marker studies (Windsor, 2008 (Windsor, , 2010 , including not only sensitivity and specificity, but also LRs and DOR with 95% CI, the statistics of the current study has limitations. The number of patients, especially among patients with OD at study entry (MMS ≥ 2) is limited, resulting in wide 95% CI. Another limitation is, that a post hoc analysis, where the cutoff values are obtained from the same population where their predictive value was analyzed, is known to exaggerate the results. The third limitation involves sepsis, which may induce significant rise in IL-8 levels (Hack et al., 1992; Rau et al., 1997) .We however evaluated carefully if any of the patients had sepsis at study entry and found none. This, and the finding that sepsis is uncommon in an early stage of AP (Beger, Bittner, Block, & Buchler, 1986 ) strongly suggest that sepsis may not explain our results.
Despite different analytical methods used in the current study and in our previous study , IL-8 and HGF showed similar predictive value in both of the studies according to the similar AUCs and + LRs. However, the predictive values of IL-8 and HGF are not perfect if clinically optimal cutoff values are used. Using a conventional method by choosing a cutoff value on the ROC curve closest to the upper left corner results in the maximal sum of sensitivity and specificity. We wanted to use another method, and chose a cutoff point with the high specificity (≥90%), to assess if a biomarker is useful in everyday hospital life in differentiating reliably the patients who will develop SAP and should be admitted to ICU without delay. The results show that +LRs of both IL-8 and HGF are less than 10 suggesting that the likelihood of SAP is too low, and therefore the clinical value of the markers in predicting SAP is limited. The reason for the limited performance of the cytokines may derive e.g. from the individual differences in the immune system and cytokine response. Also, the time of presentation after onset of symptoms may affect the cytokine levels due to their rapid kinetics. Combining cytokines, or other predictive markers, may reduce the impact of these effects (Mentula et al., 2005) . Although in our previous study the combined model of IL-8 and HGF showed better predictive value compared to a single cytokine, here it showed no additional benefit, possibly due to the moderately strong correlation between IL-8 and HGF.
In conclusion, the results of the current study support our preliminary findings that the circulating levels of IL-8, or HGF, may act as predictive markers of SAP in patients without OD at presentation, i.e. the patient group that may be in a therapeutic window for immunomodulatory treatment modalities. Combining the markers did not improve the model. Second, in patients with OD at presentation, IL-8 level may help to distinguish the patients with transient OD from those who will develop persistent OD. 
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